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Abstract 
An interesting, electrical behavior of Poly(4-vinylpyridine) was observed at different pH values.  4-vinylpyridine 
was grafted onto mechanically durable poly(propylene) films to synthesize a pH responsive hydrogel. We have 
focused on the influence of temperature and pH on the electrical behavior response of hydrogel. An abrupt increase of 
its electrical resistance from 5 to 20 X106 ȍ was observed when the hydrogel (100 % grafted) was swelled on 
phosphate buffer solutions with pH value of 4 and 8 respectively.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Organizing 
Committee of the ENIINVIE-2012. 
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1. Introduction 
Electrical conductivity in polymers has been studied in the last two decades [1] due to potential 
applications on many areas of interest [2]. The main advantages are the easy fabrication of thin films of 
desired sizes and their ability to form proper electrode-electrolyte contact. This kind of polymers, called 
polyelectrolyte hydrogels, usually consists of blends of both polymer and salts, and are considered solid 
solutions in which the polymer functions as the solvent. It is recognized that the polyelectrolyte hydrogels 
are excellent protonic conductors [3], which can be improved with the water content. The proton motions 
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are probably more similar to those observed in systems of absorbed water than to the ionic conduction, 
which is observed in solvent-free polymer electrolytes [3,4]. 
It is known that pyridine is a good electron donor as well as a strong ligand capable of forming 
coordination bonds and that poly(4-vynilpyridine) forms complexes with strong electron acceptors [5] 
allowing to use it as conducting polymers. Due to the poor mechanical properties of this kind of 
conducting polymers, it is a common practice to blend them with other polymers to improve the much 
needed structural characteristics. In these materials, the two polymers involved in the blend are held 
together by physical forces or chemical bonds [6,7]. 
Blends of many different polymers and poly(4-vinylpyridine), have been prepared [7-10]. They are 
synthesized by grafting or by in situ sorption of 4-vinylpyridine in the appropriate polymer substrate 
followed by thermal polymerization [8,9,10]. 
In the other hand, poly(4-vinylpyridine) belongs to a group of polymers that display controlled changes 
in their physical and chemical properties in response to small changes of the environmental factors such as 
temperature, pH, ionic strength, and electric field [11]. Polymers that are sensitive to temperature, pH and 
electric fields have been suggested for use in biomedical [11-14] and biotechnological systems, e.g., 
intelligent drug release systems for immobilizations of enzymes. As an example, Poly(N-
isopropylacrylamide) is one of the most studied stimuli-responsive polymers, which shows a reversible 
thermosensitive-phase transition in aqueous solution [15,16]. An interesting characteristic of this polymer 
is a reversible transition property called Low Critical Solution Temperature; temperature at which the 
physical and chemical properties change abruptly (~ 30 °C). In the same manner 4-vinylpyridine, which 
has not been well studied as a stimulus-sensitive polymer, presents a reversible transition with the pH of 
the environment. 
In this work, an investigation of the electrical resistance of the 4-vinylpyridine grafted onto 
poly(propylene) films have been carried out and an interesting electrical behavior is described. 
Nomenclature 
4VP  4-Vinylpyridine  
PP   Poly(propylene) 
P4VP Poly(4-vinylpiridine) 
LCST Low critical solution temperature 
2. Experimental 
2.1. Materials 
4VP was purified by distillation under reduced pressure prior to use. Crystalline, isotactic PP of Mn ~ 
70,000 was purified by washing the polymer in hot distilled water and then in methanol. All solvents were 
used as received. All materials were supplied by Aldrich Co, USA. 
2.2. Preparation of PP substrate 
PP was washed in methanol and then dried under reduced pressure at room temperature until a 
constant weight is reached. The polymer was UV-irradiated for 24 h with a fluorescent lamp of 254 nm at 
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room temperature in air. The intensity of UV radiation, determined by ferric oxalate actinometry method, 
was of 17.30 quantum cm-2 s-1 and the distance between PP surface and light source was 5 cm. Finally the 
UV-irradiated polymer was storage at a temperature of 2 °C prior to use. 
2.3. Preparation of poly(4-vinylpyridine)-g-poly(propylene) hydrogel 
Irradiated PP was placed in glass vials which contained pure 4VP in Toluene at many different 
concentrations. The reaction mixture was sealed off in vacuum after degassing by repeated freeze/thaw 
cycles. The vials were then placed in an automated water bath shaker at 120 rpm, reaction temperature of 
70 °C and reaction time of 24 h. After complete copolymerization a PP-g-4VP hydrogel was formed, the 
residual monomer was extracted with Dimethyl sulfoxide and then with acetone. 
2.4. Measurement and characterization 
The grafting yield (G) was determinate by the follow equation: G(%)=100[(Wg-Wo)/Wo], where Wg 
and Wo are the weights of the grafted and initial poly(propylene) substrate, respectively. 
For the measure of electrical resistance the hydrogels were immersed in phosphate buffer solution at 
different pH and different temperatures from 14 to 60 °C, until an equilibrium swelling of the samples 
was reached (30 min). The experiment was carried out in an automatic water bath with both heating and 
cooler systems. The excess of water was removed with filter paper by repeated compressions. Then, the 
electrical resistances of the hydrogels were measured using a 4½ Digit and 50,000 Count Bench BK 
Precision Multimeter model 5491B, with a distance between electrodes of 2 X10-2 m. The current-voltage 
(I-V) response was obtained using the ECOPIA HMS 5000 four probe systems at room temperature. For 
this test the current flow was varied from -10 to 10 nA, while measuring the voltage. Unlike the dry 
sample, the hydrated ones showed an ohmic behavior. A typical I-V curve is presented in Figure 6. 
The critical pH point was determined as the inflexion point in the electrical resistance plot as a 
function of pH at constant temperature.  
Hydrogel samples were studied by infrared absorption spectra from a Bruker TENSOR 27 Fourier 
transform infrared (FT-IR) spectrometer equipped with an attenuated total reflection (ATR) sample 
holder. For each spectrum a total of 32 scans were obtained. The FTIR-ATR of samples, PP, 4VP 
monomer, and grafted PP are shown in Figure 1.  
Fig. 1. ATR-FTIR spectra of the PP-g-4VP 100% graft, starting Polypropylene film and 4-Vinylpyridine monomer 
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PP shows the following peaks: C-H stretch (2920 and 2850 cm-1) and C-H bend for alkanes (1460   
cm-1); 4-VP: CH2 group in pyridine ring (3020 cm-1), HC=CH stretching vibrations of the ring (1600 cm-
1), C-N stretch for aromatic amines (1335 cm-1); PP-g-4VP exhibits combinations bands of the two last 
materials. This characterization confirmed grafting of 4VP onto PP. 
3. Results and discussion 
3.1. Influence of grafting on the electrical behavior of hydrogel 
The electrical resistance behavior of the PP-g-4VP with respect to grafting percentage is presented in 
the Figure 2; it decreases with the grafting yield. In particular, the electrical resistance decreases from    
22 to 2 X106 ȍ for the hydrogel samples with 100 and 350 graft percentages respectively. PP alone, 0.0 
graft percentage, did not show any electrical behavior effect. We think that for low grafting percentages, 
the number contact points for current flow are not enough, suggesting that the polymeric space in the 
network is too large compared to higher grafting samples. Conversely, higher graft percentages would 
decrease the electrical resistance.  
Fig. 2. Electrical resistance of 4VP onto PP as a function of grafting percentage; 70 °C and 24 h of reaction time 
3.2. Influence of pH on the electrical resistance of hydrogel 
The influence of the pH over the electrical resistance is shown in the Figure 3. It is around 5 X106 ȍ
below a pH of 5, and then, above a pH of 5, abruptly increases to about 20 X106ȍ. This result is in 
accordance with pKa value for the P4VP, estimated to be around 5 [17]. The critical pH point was 
determined as the inflexion point on electrical resistance; the value was approximately at a pH of 5.1.  
Fig. 3. Electric resistance as a function of pH measured at a room temperature and 100 graft percentage film 
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Fig. 4. Electric resistance behavior of (a) PP-g-4VP (100% graft) and (b) PP-g-4VP (350% graft); 70 °C and 24 h of reaction time
3.3. Influence of water absorbency by the hydrogel on its electrical resistance 
In the Figure 4, it can be seen, that for both PP-g-4VP samples, the electrical resistance slowly 
decreases with the swelling time, and then stay constant after 30 minutes, indicating that the hydrogels are 
completely swelled. The electrical resistance of the conducting hydrogels depends on the size of 
polymeric space network, being lower for the 350 percentage grafting.  
3.4. Influence of the Temperature on the electrical resistance of hydrogel 
The electrical resistance decreases from 6 X106 to 3 X106 ȍ in the temperature range from 14 to        
60 °C as shown in Figure 5. The trend observed is similar to the 4VP blends reported in the literature 
[19,20]. This decrease is likely due to larger particle charge mobility [1]. 
3.5. Curve voltage vs current 
The Figure 6 shows the typical voltage-current response for the conductive hydrogels after 30 min of 
swelling time at room temperature. It is seen a nearly lineal response with no current registered at zero 
volts. This result indicates that the hydrogels behave as conductor materials. 
Fig. 5. Electric conductivity of grafted films (100 % grafted) as a function of the Temperature at pH of 7 
0.0
2.0
4.0
6.0
8.0
10 20 30 40 50 60
R
X1
06
[O
]
Temperature [°C]
90   E. Arenas et al. /  Procedia Engineering  35 ( 2012 )  85 – 91 
Fig. 6. Voltage-current response for the conductive hydrogel, 100 % grafted, 30 min of swelling time and room temperature 
4. Conclusion 
The results of this study demonstrate the electrical conductivity behavior of PP-g-4VP with respect to  
pH. An interestingly transition, never reported to best of our knowledge, was observed; an abrupt 
change of the electrical resistance at a pH of ~5. In the other hand, the lowest electrical resistance was     
2 X106 ȍ at room temperature for the 350 graft percentage film at neutral pH. 
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